The tumor suppressor p53 guides GluA1 homeostasis through Nedd4-2 during chronic elevation of neuronal activity.
Chronic activity perturbation in neurons can trigger homeostatic mechanisms to restore the baseline function. Although the importance and dysregulation of neuronal activity homeostasis has been implicated in neurological disorders such as epilepsy, the complete signaling by which chronic changes in neuronal activity initiate the homeostatic mechanisms is unclear. We report here that the tumor suppressor p53 and its signaling are involved in neuronal activity homeostasis. Upon chronic elevation of neuronal activity in primary cortical neuron cultures, the ubiquitin E3 ligase, murine double minute- 2 (Mdm2), is phosphorylated by the kinase Akt. Phosphorylated Mdm2 triggers the degradation of p53 and subsequent induction of a p53 target gene, neural precursor cell expressed developmentally down-regulated gene 4-like (Nedd4-2). Nedd4-2 encodes another ubiquitin E3 ligase. We identified glutamate receptor subunit 1 (GluA1), subunit of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors as a novel substrate of Nedd4-2. The regulation of GluA1 level is known to be crucial for neuronal activity homeostasis. We confirmed that, by pharmacologically inhibiting Mdm2-mediated p53 degradation or genetically reducing Nedd4-2 in a mouse model, the GluA1 ubiquitination and down-regulation induced by chronically elevated neuronal activity are both attenuated. Our findings demonstrate the first direct function of p53 in neuronal homeostasis and elucidate a new mechanism by which cortical neurons respond to chronic activity perturbation.